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(54) Detection of nucleic acids by fluorescence quenching 



(57) Single-stranded signal primers are modified by 
linkage to two dyes which form a donor/acceptor dye 
pair. The two dyes are positioned in sufficiently dose 
spatial proximity on the signal primer that the fluores- 
cence of the first dye is quenched by the second dye. 
The signal primer may further comprise a restriction 
endonudease recognition site (REPS) between the two 
dyes. As the signal primer is initially single-stranded and 
remains single-stranded in the absence of target, the 
restriction endonudease recognition site is not deava- 
Ue or nickable by the restriction endonudease. In the 
presence of target, however, signal primer and the 
restriction endonudease recognition site are rendered 
double-stranded and cteavable or nickable by the 
restriction endonudease. Cleavage or nicking sepa- 
rates the two dyes and a change in fluorescence due to 
decreased quenching is detected as an indication of the 
presence of the target sequence or of target sequence 
amplification. 
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Description . 

RELD OF THE INVENTION 

5 The invention relates to methods for delecting nudeic acid target sequences, and in particular to detection methods 
employing fluorescence quencNng. 

BACKGROUND OF THE INVENTION 

10 Sequence-specific hybridization of oligonucleotide probes has long been used as a means for detecting and iden- 
tifying selected nucleotide sequences, and labeling of such probes with fluorescent labels has provided a relatively sen* 
srtive, nonradioactive means for facilitating detection of probe hybridization Recentiy developed detection methods 
employ the process of fluorescence energy transfer (PET) for detection of probe hybridization rather than direct detec- 
tion of fluorescence intensity. Ruorescence energy transfer occurs between a donor fluorophore and an acceptor dye 

IS (which may or may not k)e a fluorophore) when the absorptfon spectrum of one (the acceptor] overiaps tiie emission 
spectrum of the other (the donor) and the two dyes are in dose proximity. The mited-state energy of ttie donor fluoro- 
phore is transfen'ed by a resonance cfipole-induced dipole interaction to tiie neighboring acceptor. This results in 
quenching of donor fluorescence. In some cases, if the acceptor is also a fluorophore. the intensity of its fluorescence 
may be enhanced. The efficiency of energy transfer is highly dependent on the distance between tiie donor and accep- 

20 tor, ad equations predicting these relationships have been developed by FOrster (1948. Ana Phys. 2, 55-75). The dis- 
tance between donor and acceptor dyes at which energy transfer effidency Is 50% Is referred to as ttie FOrster distarKS 
(Fy. Otiier mechanisms of fluorescence quenching are also known including, for examplet. charge transfer and oolti- 
sional quenching. 

Energy transfer and other mechanisms which rely on tiie interaction of two dyes in dose proximity to produce 

25 quendiing are an attractive means for detecting or identifying nudeotide sequences, as such assays may be conducted 
in homogeneous formats. Homogeneous assay formats are simpler than conventional probe hyt)ridization assays 
which rely on detection of the fluorescence of a single fluorophore label, as heterogenous assays generally require 
additional steps to sepamte hyt)ridized label from free label. Typically. FET and related metiiods have relied upon mon- 
itoring a change In tiie fluoreoence properties of one or both dye labels when tiiey are brought together t)y the hyforidl- 

30 zation of two complementary oligonudeotides. In this format the change in fluorescence properties may be measured 
as a change in ttie amount of energy transfer or as a change in the amount of fluorescence quenching, typically indi- 
cated as an increase in ttie fluaescence intensity of one of the dyes. In ttiis way. the nudeotide sequence of Interest 
may be detected without separation of unhybridized and hybridized oligonudeotides. The hybridization may occur 
between two separate complementary oligonudeotides. one of wtiich is lak>eled witii the donor fluorophore and one of 

3S which is labeled with ttie acceptor. In doufc^le-stranded form there is deaeased donor fluorescence (inaeased quench- 
ing] and/or increased energy transfer as compared to tiie single-stranded digonudeotides. Several formats for FET 
hytiridization assays are reviewed in Noni&^ic DNA Probe Technk^es (1 992. Acadennic Press, Ina, pgs. 31 1 -352). 
Alternatively, tiie donor and acceptor may be Pnkad to a single digonudeotide such tiiat tfiere is a detectable difference 
in ttie fluorescence properties of one or botii when ttie oligonudeotide is unhybridized vs. when it is hytsridized to its 

40 complementary sequence. In ttils format, donor fluorescence is typically increased and en^gy transfer/quenching are 
decreased when ttie oligonudeotide is hyt)ridized For example, a self-complementary oligonudeotide labeled at each 
end may form a hairpin which brings ttie two fluorophores (i e., ttie 5' and 3' ends) into close proximity where energy 
transfer and quenching can occur. Hybridization of ttie self-complementary oDgonudeotide to its complement on a sec- 
ond oligonudeotide disrupts ttie hairpin and increases ttie distance between ttie two dyes, ttius redudng quenching. A 

46 disadvantage of ttie hairpin structure is ttiat it is very stable and conversion to ttie unquenched, hybridized fbnii is often 
slow and only moderately favored, rmilting in generally poor perfbrmanca A "double imperfect hairpin" scheme is 
described by B. Bagwell, et al. (1994. NucL Adds Res. 22. 2424-2425; US Patent Na 5,607.834). Kramer and Tyagi 
(1996. NatureSbtech, 14. 303-308) describe a hairpin witti tiie detedor sequence in a loop between ttie anrns of ttie 
hairpin. 

so Homogeneous mettiods employing energy transfer or fluorescence quenching for detection of nudeic add amplifi- 
cation have also been described. R. Higuchi. et al. (1992. Biotechnology 10. 413-417) disdose metiiods for detecting 
DNA amplification in real-time by monitoring increased fluorescence for ettiidium bromide as it binds to doufc»le-stranded 
DNA. The sensitivity of ttiis method is limited because binding of ttie ettiidium bromide is not target spedffo and back- 
ground amplification products are also detected. L Q. Lee. et al. (1 993. Nuc. Acid Res . 21 . 3761 -3766) disdose a real- 

55 time detection mettiod in wNch a doubly-labeled d^edor probe is deaved in a target amplification-specific manner dur- 
ing PGR. The detector probe is hybridised downstream of the ampiificatton primer so that the 5'-3' exonudease activity 
of Taq polymerase digests tiie detector probe, spearating two fluorescent dyes wNoh form an energy transfer pair. Ru- 
orescence intsnsity increases as flie probe is digested. Published PCT appfication WO 96/21 1 44 discloses continuous 
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fluorometric assays in which enzyme-mediated cleavage of nucleic adds results in increased fluorescence. Fluores- 
cence energy transfer is suggested for use in the methods, but only in the context of a method employing a single fluo- 
rescent label which is quenched by hybridization to the target. There is no spedfM: disclosure of how a restriction 
endonudease would be used in a fluorescence energy transfer system. ' 

s Energy transfer and fluorescence quenching detection methods have also been applied to detecting a target 
sequence by hybridization of a specific proba Japanese Patent No. 9301 5439 B diSdoses methods for measuring poly- 
nudeotides by hybridizing the single-stranded target to a single-stranded polynudeotide probe tagged with two labels 
which form an energy transfer pair. The double-stranded hybrid is deaved by a restriction enzyme between the labels 
and fluorescence of one of the labels is measured. A shortcoming of this method is that the restriction site In the probe 

10 must also be present in the target sequence being detected. The patent does not describe adaptation of the probe for 
use in assays where the target sequence does not contain an appropriate restriction site or where deavage of the target 
is not desired. S. S. Qhosh, et al. (1994. Nucl. Acids Res. 22, 3155-3159) describe restriction enyme catalyzed cleav- 
age readions of f luorophore-labeled oligonucleotides which are analyzed using fluorescence resonance energy trans- 
fer. In these assays, the complementary oligonudeotides are hybridized (not amplified) to produce the double-stranded 

15 restriction site, and one of tiie fluorescent labels is linked to each of tiie two strands (i.e., they are not linked to the same 
strand, see Fig. 1 of Ghosh, et al.). S. P. Lee. et al. (1994. AnaL Biochem. 220, 377-383) describe fluorescence 
"dequenchlng" techniques using restriction endonudeases to deave double-stranded DNA. However, these methods 
relate to assays emptoying only a single fluorescent label which is quenched by interaction with tiie DNA, not by fluo- 
rescence energy transfer from a second fluorescent label. The observed quenching effect may therefore be sequence- 

20 specific and not generally applicable. Hybridization of the labeled oligonucleotide to its complement and deavage of the 
double-stranded restriction site relieved non-transfer quenching of the label and quenched fluorescence was totally 
recovered 

Signal primers (sometimes referred to as detector probes) which hybridize to the target sequence downstream of 
the hybridization site of the amplification primers have been desaibed tor use in detection of nudeic acid amplification 

2S (US. Patent No. 5.547,861). The signal primer is extended by the polymerase in a manner similar to extension of tiie 
amplification primers. Extension of the amplification primer displaces the extension product of tiie signal primer in a tar- 
get arrplrfication-dependent manner, produdng a double-stranded secondary amplification product which may be 
detected as an indication of target amplification. The secondary amplification products generated from signal primers 
may be detected by means of a variety of labels and reporter groups, restriction sites in the signal primer which are 

30 Cleaved to produce fragments of a characteristic size, capture groups, and structural features such as triple helices and 
recognition sites for double-stranded DNA binding proteins. Examples of detection mettiods for use with signal primers 
are described in U.S. Patent No. 5,550.025 Oncorporation of lipophilic dyes and restriction sites) and U.S. Patent No. 
5,593.867 ^uorescence polarization detection). 

35 SUMMARY OF THE INVENTION 

The present invention employs hybridization and extension of a signal primer for detection of nudeic acid target 
sequences by fluorescence quenching mechanisms. The single-stranded signal primer is nrxxJified by linkage to two 
dyes which form an energy transfer pair. The two dyes are positioned in proximity to each other on the signal primer 

40 such that the fluorescence of ttie first dye is quenched by ttie second dye. The signal primer may furttier comprise a 
restriction endonudease recognition site (RERS) between tiie two dyes. As the signal primer is initially single-stranded 
and remains single-stranded in the absence of target, the restriction endonudease recognition site Is not cleavable by 
the restriction endonudease. As a result of target-dependent synthesis of a complementary strand, however, the signal 
primer and Hs RERS are rendered douWe-stranded, making the RERS deavable or nidcable by the restriction endonu- 

45 cleasa Cleavage separates ttie two dyes and the fluorescence intensity of the first dye inaeases (i.e.. quenching is 
decreased) as an indication of ttie presence of ttie target sequence. A decrease in ttie fluorescence intensity of the sec- 
ond dye upon deavage or nicking may also be detectable. 

In a first embodiment the signal primer of the invention is employed in an amplification reaction for detection of tar* 
get sequence amplification. In an alternative embodiment for non-amplification based detection of target sequences^ 

so ttie signal primer is hybridized at ttie 3' end of ttie target oligonudeotide such that ttie restriction endonudease recog- 
nition site forms a 5' overhang. Extension of ttie target sequence on the signal primer using polymerase produces a fully 
double-stranded restridion site which is deaved or nicked to separate ttie dyes. This results in a change In fluorescence 
which indicates ttie presence of ttie target sequence. 

55 DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates ttie signal primer reaction scheme for use in detection of target amplification according to ttie 
invention. 
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Fig. 2 shows the change in fluorescence intensity which occurs as a nucleic add target Is amplified using the signal 
primers of the invention. 

Rg. 3 shows the change in fluorescence Intensity associated wHh hybridization, extension and cleavage of a signal 
primer according to the invention. 

s 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention employs signal primers in hybridization and extension reactions to produce double-stranded 
products which contain a donor/acceptor dye pair. Ruorescence quenching occurs in the signal primer. Conversion of 

10 the single-stranded signal primer to double-stranded form also converts a single-stranded restriction endonudease 
deavage site m the signal primer to double-stranded form, rendering it deavable or nickable by the restriction endonu- 
dease. Cleavage or nicMng by the restriction endonudease separates the donor and acceptor dyes, resulting in 
decreased quenching of donor fluorescence and an increase in donor fluorescence intensity. An associated change in 
afluorescence parameter (e.g., an inaease In donor fluorescence intensity, a decrease in acceptor fluorescence Inten- 

75 sity or the ratio of the two) is monitored as a indication of target sequence amplificatioa Monitoring of the change in 
donor fluorescence Is prefen-ed, as this change is typically larger than the change In acceptor fluorescence. Other flu- 
orescence parameters such as a change in fluorescence lifetime m£^ also be monitored. 

Terms relating to nudeic add target amplification and signal primers are defined as follows: 

An amplification primer is a primer for ampPrfication of a target sequence by primer extension. For SDA, the 3' end 

20 of the amplification primer (the target binding sequence) hybridizes at the 3' end of the target sequence. The amplifica- 
tion primer comprises a recognition site for a restriction endonudease near its 5' end. The recognition site is for a 
restriction endonudease which will deave one strand of a DNA duplex when the recognition site is hemimodif led fnick- 
ingi, as desabed in US Patent Na 5.455,166; US Patent Na 5,270,184 and; EP 0 684 315. A heminnxlified recogni- 
tion site is a double stranded recognition sita for a restriction endonudease In which one strand contains at least one 

2$ derivafized nucleotide which causes the restriction endonudease to nick the primer strand rather ttian deave both 
strands of the recognition site. Usually, tfie primer strand of the hemimodified recognition site does not contain deriva- 
tized nudeotides and is nicked by the restriction ^idonudease. Alternatively, the primer may contain derivatized nude- 
otides whk:h cause ttie unmodified target strand to be protected from deavage while the modified primer strand is 
nicked. Such restriction endonudeases can be identified in routine screening systems in which a^derivatized dNTP is 

30 incorporated into a restriction endonudease recognition site for ttte enzym& Preferred hemimodified recognition sites 
are hemiphosphorothk)ated recognition sites for the restriction endonudeases Hind I, BsoBI and Bsrt. The amplification 
primer also comprises a 3'-0H group which Is extendable by DNA polymerase when the target binding sequence of tiie 
ampriflcation primer is hybridized to the target sequence. For the majority of the SDA reaction, the amplification primer 
is responsible for exponential amplification of the target sequence. 

35 As no special sequences or structures are required to drive the amplification reaction, amplification primers for 
PCR generally consist only of taiget bindng sequences. Amplification primers for 3SR and NASBA. in contrast, com- 
prise an RNA polymerase promoter near the 5* end. The promoter is appended to tiie target sequence and serves to 
drive tiie amplification reaction by directing transcription of multiple RNA copies of tiie target 

Extenskxi products are nudeic acids wNch comprise a prsner or a portion of a primer and a newly synttiesized 

40 strand which is die complement of ttie target sequence downstream of tiie primer binding site. Extension products 
result from hylykfization of a primer to a target sequence and extension of the primer by polymerase using ttie target 
sequence as a template. 

A bumper primer is a primer which anneals to a target sequence upstream of the amplification primer, such tiiat 
extension of tiie bumper primer displaces the downstream amplification primer and its extension product Extension of 
46 bumper primers is one method for displacing ttie extenskm products of amplification primers, but heating is also suita- 
ble. 

The terais target or target sequence refer to nudeic acid sequences to be amplified or detected. These indude tiie 
original nudeic add sequence to be amplified, its complementary second strand and eittier strand of a copy of tiie orig- 
inal sequence which is produced by replication or amplificatioa The target sequence may also be referred to as a tem- 

so plate for extension of hybridized primers. 

A signal primer comprises, at its 3' end. a target binding sequence which hybridizes to tiie target sequence and. 5* 
to ttie target binding sequence, a label, detectable sttudure or specialized sequence for detection. The signal primers 
of ttie invention comprise a restriction endonudease recognition site in a tail portion 5' to ttie target binding sequence 
and a donor/acceptor dye pair ffanking the restrictkm endonudease recognition site to fadlitate letection of double- 

ss stranded products generated from the signal primer. The signal primer may hyt)ridize to a target sequence downstream 
of an amplification primer such tiiat extension of ttie amplification primer displaces the signal primer, a portion of ttie 
signal primer or ttie signal primer extension product It is ttien rendered double-stranded by hybridization and extension 
of a second amplification primer. Alternatively, lor purposes of ttie present invention, ttie target binding sequence of ttie 
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signal primer may hybridize at the 3' erxi of the target sequence forming an 5' overhang such that extension of the target 
on the signal primer renders the signal primer, including the restriction endonuclease recognition site, double stranded. 

Amplification products, amplified products or amplicons are copies of the target sequence generated by hybridiza- 
tion and extension of an amplification primer. This term refers to both singi e stranded and double stranded ampRf icatton 
s primer extension products which contain a copy of the original target sequence, including intermediates of the ampFif i- 
cation reaction. 

Secondary amplification products or secondary products are oligonucleotides generated from a signal primer in a 
target amplification-dependent manner. These terms refer to single stranded or double stranded products generated 
from signal primers, as well as portions of signal primers or signal primer extension products generated as a result of 
10 target amplification. 

aeavage of an oligonucleotide refers to breaking the phosphodiester bonds of both strands of a DNA duplex or 
breaking the bond of single-stranded DNA. This Is in contrast to nk:king, which refers to breaking tiie phosphodiester 
bond of only one of the two strands in a DNA duplex. 

Generation of double-stranded secondary amplification products using a signal primer is illustrated in Fig. 1 and 

IS may be summarized as follows. A signal primer hybridizes to one strand of the target sequence downstream of an 
amplification primer. Botii the amplification primer and ttie signal primer are extended by DNA polymerase using the tar- 
get sequence as a template. The signal primer extension product is displaced from the template by extension of the 
upstream amplification primer and in turn serves as a template for hybridization and extension of a second amplification 
primer, rendering the signal prinfier extension product double-stranded. The RERS thereby becomes a substrate for the 

20 restriction endonuclease. A second signal primer which hybridizes to tiie second, complementary strand of a double 
stranded target sequence without overlapping ttie the hybridization site of the first signal primer may optionally be 
included in the reaction. The second signal primer hybridizes to tiie second sfrand of the target sequence downstream 
of tiie second amplification primer and is extended and cfisplaced fcjy extension of tiie second amplification primer. The 
second signal primer extension product is rendered double stranded by hylMidization and extension of tiie first amplifi- 

25 cation primer. Multiple signal primers per strand of target may be employed if desired, each hybridizing to the target 
sequence downstream of the other on the same strand, and all signal primers being hybridized downstream of tiie 
amplification primer. In this manner, each signal primer is displaced by extension of tiie upstream signal primer and the 
most 5' signal primer is displaced by the amplification primer. Use of multiple signal primers has tiie advantage of 
increasing or amplifying the signal generated per target, with an increase in sensitivity of the assay. In SDA and other 

30 amplification reactions in which the specialized sequences or structures are required in tiie amplification primers, signal 
primers do not serve as amplification primers. Secondary amplification products are therefore either unamplifiable or 
not exponentially amplifiable and have tiie advantage of not contributing significantiy to background. 

The signal primers of the invention comprise a donor/acceptor dye pair linked at positions flanking a restriction 
endonuclease recognition site (RERS). In the single-stranded signal primer, tiie RERS sequence corresponds to one 

35 strand of the douUe-stiranded RERS. The signal primer restrtetion endonuclease recognition site is positioned 5' to tiie 
target binding region of ttie signal primer so as not to interfere witii hybridization of tiie signal primer to tiie target 
sequence or its extension by polymerase. Eittier the donor or acceptor dye is liriked to tiie signal primer 3* to the RERS 
but preferably not at tiie 3' terminus of the signal primer as a 3' terminal label may interfere witii hybridization and/or 
extension of ttie primer. However, if a selected donor fluorophore or acceptor dye does not inhibit hybridization and/or 

40 extension it may be linked at the 3' terminus of ttie signal primer. The donor fluorophore (if ttie acceptor is 3' to ttie 
RERS) or ttie acceptor (if the donor is 3' to ttie RERS) is linked to tiie signal primer at a positk>n 5' to the RERS. That 
is, ttie donor and acceptor dyes are linked to ttie single-slranded signal primer such ttiat ttiey flank ttie RE RS. The dyes . 
are preferably Dnked on either side of tiie RERS at positkms sufficiently close together that fluorescence quenching 
occurs but also sufficientiy far apart to allow ttie restrk:tion endonuclease access to ttie RERS for deavage or tucking. 

45 In SDA reactions, the signal primer RERS may be a sequence which is recognized by the same restriction enzyme 
as provides ttie nicking function central to SDA. That is. two different recognition sequences for the same resti-iction 
endonuclease may be employed - one in the signal primer and one in the amplification primer. In this embodiment, tiie 
sequence of ttie signal primer RERS may be selected such ttiat double-stranded cleavage is not prevented when ttie 
modified deoxynudeostde triphosphates (dNTPs) of SDA are incorporated. In contrast ttie sequence of ttie amplifica- 

so tion primer RERS is selected such ttiat nicking by the resti-iction endonuclease is induced by incorporation of modified 
dNTPs. For example, ttie CTCGAQ and CCCGAG recognition sites fbr BsoBI remain deavable when hemimodified. 
whereas ttie CTCGGG recognition site for ttie same enzyme is nicked when hemimodified. Alternatively, a recognition 
site fbr a restriction endonudease different from ttiat which provides ttie nicking function in the SDA reaction may be 
present in ttie signal primer. Again, however, the RERS In ttie signal primer is preferably selected such ttiat double- 

55 sb-anded deavage is not compromised by incorporatk>n of modified dNTPs. In still another alternative embodiment, ttie 
RERS in ttie signal primer Is selected so as to be nicked once by ttie restrk;tion endonudease, regenerating an RERS 
which is not renickable upon repair by the pdymerase and incorporatton of the modified dNTP Such "singly-ntckable" 
sites may be recognized by eittier ttie same resti-iction endonudease which provides ttie nicking function in ttie SDA 
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reaction or by a different restriction, endonuclease. Singly nickable sites are generally canonical and contain a nucle- 
otide at the nicking site wtiich is the same as the modified dNTP in the SOA reaction. For example, the CCCX3GG rec- 
ognition site for BsoBI is nicked between the first and second C's. When used as a signal primer in an SOA reaction 
empk)y{ng dCTPa S, repair of the nick and displacement of the strand downstream of the nick incorporates the modified 

5 C nucleotide at the nicking site. Mociification of the nicking site inhi»ts renicking, but the initial nick separates the donor 
and acceptor dyes by allowing strand displacement of the downstream fragment carrying one of the dyes. Singly nick- 
able sites are desirable in the invenilon because they prevent amplificatk)n of the secondary amplif k^ation product inde- 
pendently of amplification of the target sequence, lowering bad^round and improving quantitation. 

The signal primer is included m a nudeic acid target amplification reactkm generally as described in in. S. Patent 

10 No. 5.547.861. When added to the amplification reaction, the signal primers of the invention are converted to double- 
stranded form as pronously described, converting the RERS to a double-stranded form which is deavable by the 
restriction endorujdease. This process is illustrated in Rg. 1 . "aeavage" as used herein refers to cutting of both strands 
of a nudeic add duplex by a restriction endonuclease. in contrast to "nicking' which refers to cutting of only one of the 
two strands in a duplex nudeic acid. Cleavage of the RERS produces two firagnnents of the double-stranded secondary 

19 amplification product Because the donor and acceptor dyes flank the RERS, deavage of the RERS results in separa- 
tion of the dyes onto the separata firagments. Nicking of the RERS with displacement of the single-strand downstream 
of the nk^k results in a double-stranded fragment linked to one dye and a separate single-stranded fragment linked to 
the other dye. The distance between the dyes increases as the two fragments diffuse in the reaction solutk)n. resulting 
in reduced quenching. A change in a fluorescence parameter resulting from reduced quenching, e.g., an increase in 

20 donor fluorescence intensity or a decrease in acceptor fluorescence intensity, may be detected and/or monitored as an 
indtoation that target amplification Is occunlng or has occun^ed. 

Because deavable or nickable secondary amplifk^tion products are produced concun^ently with target amplifica- 
tfon, the change in fluorescence may be monitored as the arnplification reacbon is occurring. i.e., in "real-time". Homo- 
geneous assays reduce contaminetton because the reactfon vessel does not have to be opened for detection and they 

25 allow the use of simpler instrumentafkxi than in heterogeneous assays. In addition, because a change in fluorescence 
is monitored rather than an absolute value, the accuracy of the assay is not dependent on the starting point (i s-, estab- 
lishing a "zero" poinQ. The homogeneous, real-time assay of the invention can be used to provkie semi-quantitative or 
quantitative information about the initial amount of target present That is, the rate at which the selected fluorescence 
parameter changes during ampllflcatfon is an indicatfon of the initial target levels. As a result when more initial copies 

30 of the target sequence are present donor fluorescence more rapkly reaches the threshdd of detection for the deaved 
secondary amplification products (i.a, shorter time to positivity). The deaease in acceptor fluorescence dmHariy exhib- 
its a shorter time to positivity. detected as the time required to reach a selected minimum value. In addition, the rate of 
change In the fluorescence parameter during the couse of the reaction is more rapid in samples containing higher initial 
amounts of target than in samples containing fower initial amounts of amounts of target (i.e., inaeased dope of the 

3S curve). Tliat is. an increased rate of change in intensity, lifetime, etc. indicates a higher initial target level than is present 
in a sample exhixting a relatively slower rate of change. 

In an alternative embodiment tiie signal primer may be used in a non-amptif teation based format to detect a target 
oligonudeotide. In this embodiment the target binding sequence of the signal primer hybrfoizes to the 3r end of the tar- 
get oligonudeotide such that the RERS forms a 5* overhang. Polymerase extends the target sequence using the 5' over- 
do hang of the signal primer, induding the RERS. as a template. In this case, the target sequence functions as a primer in 
the primer extension reaction to synthe^e the complementary sequence of the signal pnmer. If the target binding 
sequence of the signal primer is complementary to the entire lengtfi of the target sequence there are no otiier single- 
stranded overtiangs and only tiie target is extended. However, if the target binding sequer>ce of the signal primer hybrid- 
izes to only a portion of ttie target sequeice. the target sequence forms a second 5* overhang. In this enixxliment tiie 

46 signal primer is also extended using the 5* overhang of the target as a template. In either case, the RERS of the signal 
primer is thus rendered double-stranded and deavable or nickable. Extensfon to produce tiie doubie^anded RERS 
and the resulting change in fluorescence can take place only in tfie presence of targ^, and the method is Independent 
of the presence or absence of a restriction site in the target sequence itself. As tills method does not require SDA or 
any otiier amplification reaction, modified nudeotides are not necessary Any restriction site may be employed in the 

so signal primer. However, if the RERS is to be nicked rather than deaved. modified nudeotides may be employed as 
deecribed above to produce a stngly-nid^e sita 

Many donor/acceptor dye pairs loiown in the art are useful in the present invention. These indude^ for example, flu- 
orescein ieothiocyanate (FrTQAetramelhylrixxiamine isothfocyanate (TRITC). FITC/Texas Red^ (Mdecular Probes). 
RTXVN-hydnMcysucdnimidyl 1-pyrenebu^e (PYB), FITG/eosin Isottitocyanate (EITC), N-hydrcxysuccinimidyl 1- 

ss pyrenesulfonate (PYS)/FrTC. FITG/Fthodamine X. FITC/letramelhylihodamine OAMRA), N-{4-aminobutyl)-N-Qthyliso- 
luminol (ABEiyTAMRA. and others. Near-IR dyes such as Cy5 (N. N-modified tetramethyt indodicartKcyanine) may 
also be eniployed. e.g., paired witti ROX The selection of an appropriate quenching donor/accepta pair is routme in 
the art For energy transfer quenching it is only necessary that tiie envssion Yvavelengths of tiie donor fluorophore over- 
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lap the excitation wavelengths of the acceptor fluorophore, i.e., there must be sufficient spectral overlap between the 
two dyes to allow efficient energy transfer, charge transfer or fluorescence quenching. p-(Dimethyl aminophenylazo) 
benzoic acid (DABCYL) is a non-fluorescent acceptor dye which effectively quenches fluorescence from a neighboring 
fluorophore. e.g., fluorescein or 5-((2*-aniinoethy<) amino) naphthalene 1 -sulfonic acid (EDANS). Certain donor/accep- 
5 tor pairs are exemplified above and in the following Examples, however, others win be apparent to those skilled in the 
art and are also useful In the Invention. Any dye pair which produces fluorescence quenching in the signal primers of 
the Invention is suitable fbr use in the methods of the invention, regardless of the mechanism by which quenching 
occurs. 

Terminal and internal labeling methods are also known in the art and may be used to link the donor and acceptor 
10 dyes at their respective sites in the signal primer. Examples of 5'-terminal labeling methods include a) perlodate oxkSa- 
tion of a 5 -to-S'-coupled ribonucleotide followed by reaction with an amine-containing label, b) condensation of ethyl- 
enediamine with a 5*-phosphorylated polynucleotide followed by reaction with an amine-reactive label, and c) 
introduction of an aliphatic amine substituent using an aninohexyt phospNte reagent in solid-phase DNA synthesis fol- 
lowed by reaction with an amine-reactive label. Labels may also be linked to synthetic DNA oligonucleotides at specific 
IS locations using spedal aliphatic amine-containing nucleotide phosphoramidite reagents. Selection of an appropriate 
method for linking the selected labels to the signal primer and performing the linking reactions are routine.in the art 

The signal primers of the invention have a donor and an acceptor linked to the single-stranded signal primer such 
that donor fluorescence is totally or partially quenched. Between the two dyes, the signal primer comprises a RERS (in 
single-stranded form). The two dyes must be In sufficiently close spatial proximity for quenching to occur, however the 
20 distance between them must also allow the restriction endonuclease access to Its recognition site for binding and cleav- 
age or nicking when the signal primer is rendered double-stranded. To study the relationship of these two parameters, 
signal primers and their complements were chemically synthesized. The signal primer sequence selected was SEQ ID 
N0:1: 

25 

5 -TAGCCT<JCGAGTl UGAGT^^CTTCAAAT^^ATCAGAGCm 



6 = Dudeodde position 6 16 - nucleotide position 16 

s nucleotide position 11 ^ « nucleotide position 24 



35 The BsoBI site for cleavage is shown boUed. with additfonal tail sequence 5' to it to accommodate the "footprlnr of 
the restriction enzyme when it binds. DouWe-stranded deavage of this BsoBI recognition sequence is not inhibited by 
incorporation of the mocfified deoxynudeoside trphosphates during SDA, in contrast to the CTCGGG recognition 
sequence for BsoBI which is rendered nickable by incorporation off modified dNTPs during SDA. The sequence 3' to the 
BsoBI site is the target binding sequence, which is complementary to the target sequence to be amplified. The assay 

40 was performed at 52-53*»C in 200 pL KPDG buffer (40 mM KPi. 3% DMSO. 5% glycerol) wHh 5 mM Mg(0Ac)2 added 
prior to tiie experim^ Measurements were obtained with an SLM 8100 research grade fluorometer equipped witii a 
drculating bath for maintaining sample compartment temperature, a xenon arc lamp and grating monochromators for 
controlling excitation and emission wavelengths. Experiments with fluorescein (FAM) as ttie donor used 4d8 nm for the 
exdtation wavelength and 525 nm fbr emission. Experiments in which Rhodamlne X (ROX) was the donor used an exd- 

45 tation at 580 nm and emission at 604 nm. Experiments with Cy-5 used 640 nm and 665 nm respectively Samples were 
prepared with 20 nM of the labeled signal primer fbr initial measurements of the emission spectrum using the optimal 
donor excitation wavelength. 

The selected donor fluorophore was corijugated to the 5* phosphata The selected acceptor dye was conjugated to 
either T6. Til. T16 or T24 to provkle varying distances between the donor and acceptor dyes. Reactive dyes were 

50 obtained from Molecular Probes (Eugene^ OR) or from the Applied Biosystems Division of PerWn Elmer (Foster City. 
CA). ROX-NHS (6-arboxy rtiodamine X succinimidyl ester) and TAMRA-SE (S-carboxy tetramethylrtiodamine aiccinim- 
idyl ester) were obtained from ABl/Perkin Elmer, Oligonucleotides were synthesized on a 1 jimole scale using an ABI 
380B automated DNA synttiesizer with standard reagents supplied by the manufacturer. The 6-carboxy substituted flu- 
orescein (6-FAM) was incorporated at the 5' position by addition of the phosphoramidite reagent 6-FAM Amidrte (ABI) 

55 at tiie final step of the synthesis. For otiier 5' dye labeled oligonucleotkles, 5* aminohexyl phosphoramklite (ABI AMIN- 
OLINK 2) was substituted at the final step to provide a reactive amino group for subsequent conjugation. Fbr conjugat- 
ing dyes to internal positions of the oligonudeotide. a modified dT phosphoramidite reagent, amino-modifier 06 dT 
(Qlen Research. Steriing, VA) was substituted in the appropriate sequence position in place of unmodified dT The 
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crude oligonucleotides were deprotected by treatment with ammonium hydroxide tor 4 to 8 hours at SS'^C. which also 
daprotectfld the modified dT. These were fitered and solvent was evaporated from the filtrate with a rotary vacuum 
apparatus. Ofigonucleotides were purified directly following this step by reverse phase HPLC. Sequences with only the 
modified internal dT aminoOnker were prepared with the 5' terminal dimethoxytrltyi (Dh4T) intact and purified by RP 

5 HPLC. The resulting 5'-DMT fuD length product was deprotected using a SepPak column OA/'aters) with 2% trif luoroace- 
tic acid and dried prior to coupling with reactive dyes. 

Oligonucleotides were labeled by dissolving an aliquot (0.5 (imole) in 100 NaHCOa/NaaCOs buffer. pH 8.0. The 
-reactive dye was added to this as a solution of 3 mg In 30 liLDMSO and the resulting mixture was allowed to stand in 
the 6axk for 12-24 hours at 37 °C. The resulting reaction mixture was passed over a column of Gr-25 Sephadex resin 

10 (NAPS, Pharmacia Biotech) eluting with 4 mM TAE (4 mM TRIS acetate. 0.1 mM EDTA, pH 8.0). lypically. the first 0.5 
to 1 .0 mL of colored material eluted contained the highest fraction of reactive dye-labeled oligonucleotide and was fur- 
ther purified by HPLC on a Waters Delta Pak 300 A C18 3.9 X 150 mm reverse phase column using Bnear gradients 
over 30 minutes followed by 20 minutes re-equi(it>ratioa Most gradients used two solvents: A- 98% 50 mM TEAA (tri* 
etfiylanvncnium acetate]/2% acetonitrf le and B - 1 0% 50 mM TEAA/90% acetonitrlle^ typically in a gradient from 9S%A 

15 to 70% A over 30 minutes. The identity of the conjugated material was confirmed by comparing peak intensities at 260 
nm (for DMA) and the respective peak absortsances for the dyes. Concentrations of purified oligonucleotides were 
determined in TAE buffer 1^ using the DNA absoit»nce at 260 nm corrected for the respective dye absoi1>ance at that 
wavelength. 

The signal primer was initially tested for the effect of the distance between the donor and acceptor on quenching 
20 efficiency and cleavage efficiency in a hybridization assay. A 5-fbkl excess of the complementary sequence (100 nM) 
was added and the fluorescence was measured after hyk)ridization was judged to be complete (typically sboui 20 min.). 
The BsoBI enzyme was added to a concentration of 3.2 units^^L and a fmai f luaescence measurement was recorded 
when no further change was dxBrved in the emission spectrum of the sample. The results for the various separation 
distances and dye pairs are shown in Table I. 

25 



TABLE I 



35 



4S 



Donor 


Acceptor 


Ruorescence 


Ratio 






ss 


ds 


deaved 


ds/ss 


deaved/ss 


R0X®T11 


5Xy5 


3376 


3919 


7605 


1.16 


2.25 


S-FAM 


R0X(g>T6 


2467 


2973 


3983 


1.21 


1.61* 


S-'FAM 


R0X@T11 


3497 


5290 


18337 


1.51 


5.24 


sr-FAM 


R0X<»T16 


990 


1325 


2007 


1.34 


2.03 


S'-FAM 


R0X<9T26 


1900 


1900 


2000 


1 


1.1 


5'>FAM 


Dabcyl®T11 


10011 


25566 


45167 


2.55 


4.51 


TAMRA@T11 


5'-Cy5 


7357 


8412 


9744 


1.14 


1.32 


S'-ROX 


R0X®T11 


18180 


50080 


46850 


2.8 


2.6 


S'-FAM 


FAM®T11 


4450 


6100 


5150 


1.37 


1.16 


S^-CyS 


Cy5@T11 


3650 


4150 


4150 


1,14 


1.14 



* Inoomlele deavage 



These experiments show that the change in fluorescence intensity upon deavage of the signal primer depends on 
the distance t>etween the donor and acceptor fluorophores in the undeaved signal primer. In general, as the di^ance 

50 between the dyes in the intact oligonucleotide increased, the cfrange in donor emission (fluorescence intensity) upon 
conversion to double stranded fonm deaeased in magnitude. The magnitude of the change in dona emission following 
double-stranded deavage also generally deaeased with inaeasing distance between the dyes. Dye pairs which too 
dosely flanked the RERS appeared to interfere with complete deavage. also reducing the total change in donor fluo- 
rescence. Signal primers with about eleven nudeotides between the dona and accepta typically exfvbited the greatest 

55 change in dona f luaescence upon conversion to doufcile-stranded form and deavage of the RERS. These results indi- 
cate, however, that about 8-20 nudeotide separation, preferably about 1 0*1 6 nudeotides between the dona and accep- 
ta dyes produces a change in dona fluorescence of a readily detectable magnitude. These separation distances are 
also suffident to accommodate binding of the restriction endonoudease to its recognition site without signtftcant inter- 
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ference from the bulky dyes, while still placing the dyes in sufficiently close proximity to produce satisfactory quenching. 
Greater changes In donor fluorescence would be expected if the two dyes could be brought into closer proximity on the 
signal primer, however, placing the acceptor doser to the donor than six nucleotides interfered with the ability of the 
restriction enzyme to cleave the duplex, although an Increase in donor fluorescence was still detectabia This demon- 

5 strates that even a small amount of signal primer conversion results in a relatively large change in fluorescence. 

An increase in donor fluorescence was usually observed upon conversion' to double-stranded form alone. This is 
likely to be due to a reduction in quenching occurring by mechanisms other than FOrster transfer which may take place 
in the single-stranded oligonucleotide (e.g.. charge transfer, collisional quenching). Target amplif Icaticn may therefbre 
be detected by monitoring only the change in fluorescence ipon converskm of the signal primer to double-stranded 

w tomt In tills case an RERS In the signal primer is not necessary. In most cases, however, cleavage further Increased 
the change in fluorescence. Monitoring the total change in fluorescence (doiAle-stranded conversion and cleavage or 
nicking) is prefenred for tiiis reason. Regardless of the magnitude of the fluorescence change at each step of the proc- 
ess (i.e., single-stranded to double-stranded conversion, and conversion of the double-stranded form to the cleaved or 
nicked form) a readily detectable increase in donor fluorescence was evidenced by a cut/ss ratio significantly greater 

IS than 1 vi^en the dye pair was sufficiently far apart for efficient cleavage but in suffkaentiy close proximity to optimize 
quenching. In an end-point assay a larger change in fluorescence may be detectable if end-point fluorescence is mon- 
itored at a kjwer temperature than initial fluorescence. When the change in fluorescence is monitored in real-time, its 
magnitude will be affected by the temperature of the reaction. At higher temperatures the change in fluorescence asso- 
ciated with double-stranded conversion and cleavage is generally smaller than at lower temperatures. 

20 It was also observed that homologous donor/acceptor dye pairs (shown in the last three lines of the Table) exhibited 
an increase in donor fluorescence intensity only upon conversion from single- to double-stranded form. In contrast to 
heterologous dye pairs, no further increase was obtained upon deavage of the double-stranded digonuceotide, and In 
some cases deavage produced a slight reduction in donor fluorescence intensity. Therefore, signal primers enploying 
these fhiorophore pairs need not contain an RERS. Target may be detected using tiie ss/ds ratio or a change in fluo- 

25 rescence associated with the conversion to double-stranded form, as quenching of the fluorophqres decreeises fi e-, flu- 
orescence intensity will iricrease) as the signal primer is converted to double-stranded form in the presence of target. 

It will be apparent tfiat, In adcfition to SDA. the metiiods of the invention may be easily adapted to other primer 
extension amplif teation methods (e.g.. PGR. 3SR, NASBA, TMA, etc.). For example, replacing SDA arrplifteation prim- 
ers with PGR amplifteation primers and using a PGR DNA polymerase which lacks 5*->3' exonuclease activity (ag., 

30 Sequendng Grade Taq from Promega.or exo* Vent or exo* Deep Vent from New England Biol-abs) in ttie signal primer 
reaction scheme also generates secondary amplification products which contain a cleavable. double-stranded RERS 
contributed by the signal primer. Of course, in PGR any RERS may be selected Ibr use in the signal primer, as tiiere 
are typically no modified deoocynucleoside triphosphates present which might induce nicMng rather than deavage of the 
RERS. The double-stranded RERS in the secondary amplification product may be cleaved by a restriction endonude- 

35 ase to separate a donor/acceptor dye pair as desaibed above. As thernfK)cyding is a feature of amplification by PGR, 
the restriction endonudease is preferably added at low temperature after the final cycle of primer annealing and exten- 
sion for end-point detection of amplification. However, a thermophilfc resfriction endonudease which remains active 
through ttie high temperature phases of the PGR reaction could be present during amplification to provide a real-time 
assay. As in SDA systems, deavage of the RERS and separatfon of the dye pair reduces fluorescence quenching, with 

40 the increase in fluorescence intensity serving as an indication of target arrplification. 

For adaptation of the inventive methods to 3SR. NASBA or TMA, a 5*-^' exonudease deficient reverse tran- 
soriptase with strand displadng activity is emptoyed in the 3SR reaction, with hybridization of the signal primer to ttie 
RNA target downstream of an amplifteation primer which contains an RNA polymerase promoter. In a reaction scheme 
similar to that previously described, the hybridized signal primer containing the RERS is 1) extended, and 2) displaced 

45 by extension of the upstream amplification primer. The displaced extension product is then made double-stranded by 
hybridization and extension of the second amplification primer. This renders the restriction endonudease recognition 
site deavable, and the donor and acceptor dyes are tiier^ separated onto different fragments, increasing tfie distance 
between ttiem and redudng fluorescence quenching of the donor dye. The signal primer for 3SR or NASBA does not 
contain an RNA polymerase promoter sequence and therefbre cannot function as an amplification primer, redudng 

50 nonspecific background signal. This is analogous to the signal primer In SDA, which does not contain a repeatably nkk- 
able RERS and therefore does not contribute to exponential background amplification of non-specific targets. 

For reasons previously stated, signal primers are prefenred for use in the mettiods of ttie invention with ttie signal 
primer extension product being separated from the target sequence by displacement due to extension of ttie upstream 
amplification primer. However, it will be apparent ttiat ttie amplification primers known for use in ttie vartous nudeic add 

55 amplificatkwi reactions may also be labeled and modified as described for signal primers. In this embodiment, ttie 
labeled amplification primer extension product may be separated from ttie target sequence by displacement due to 
extension of an upstream non-amplification primer (e.g.. bumper primers as in SDA), by denaturation (e.g., heating as 
in PGR) or by enzymatic digestion of ttie target strand (e.g.. RNase H as in 3SR). Amplification primers conprising ttie 
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RERS flanked by the donor/acceptor dye pair eliminate the need for the additional signal primer in the reaction, but 
because background may be higher in this embodiment the sensitivity of the assay may be decreased. For PGR, the 
amplification primer is modified by addition of an RERS in a 5' tail and the RERS is flanked by a donor/acceptor dye 
pair. This primer is structurally identical to the PGR signal primer described abova Functionally, however, it is different 

5 in that there is no downstream primer to be extended^ and displaced and the amplification primer itself provides the 
change in fluorescence. For 3SR. NASBA and TMA, the RERS may be placed 5' to the promoter of an amplification 
primer so that the RERS is cleaved in the double-stranded DNA portion of the amplificatkm cyde. Because the RERS 
is 5' to the promoter, cleavage does not remove the promoter from the amplification primer and generation of RNA tran- 
scripts oontirues to sustain target amplification. A second ampfificatlon primer wNch does not contain a promoter 

10 sequence (e.g., as in NASBA) may also or alternatively contain the RERS in a 5* tail portion. 

Target DNA for the fblk>wing experimental examples was prepared from stocks of Chlamidia trachomatis elemen- 
tary bodies (EB's) stored at concentrations of 10^ EB's/fiL in 50% glycerol. EB stock solutions were diluted 1:10 in 
water, boiled for 15 minutes and prepared as lO-fbkJ serial dHutions in 10 ng/ML human placental DNA. These stock 
solutions contained 1 to 1 00 genome coptes/fiL of target The donor f luorophore was conjugated to the 5* phosphate. 

IS Measurements were obtained with an SLM 81 00 research grade f luorometer equipped with a circulating bath for main- 
taining sample compartment temperature, a xenon arc tamp and gratfaig monochromators for controlling excitation and 
emission wavelengttis. Experiments with fluorescein (FAM] as the donor used 488 nm for the excitation wavelength and 
525 nm for emissfon. Experiments in which ROX was the donor used an excitation at 580 nm and emission at 604 nm. 

20 EXAMPLE 1 

SDA was performed generally as described in EP 0 684 315, with addition of the si^pial primer labeled at the 5' end 
with FAM and at T1 1 with ROX. The final concentrations of components in each 1 00 reaction were 40 mM KjP04 pH 
7.5. 6 mM MgOAc. 0.2 mM each dTTP, dGTTP. dATP. 1 .4 mM dGTPaS. 20 )iQfpL acetylated BSA. 3% DMSO. 8% (vAv) 
25 glycerol, 100 ng human placental DNA, 25 units Bst polymerase (exo' Menow fragment. New England BioLabs). 150 
units Aval (New England BioLabs, Beveriy» MA), and DNA from 0. 10, 100 or 1,000 Ghlamydia trachomatis elementary 
bodies. Each sample further contained 50 nM signal primer SEQ ID NO: 1 (5*-FAM/T^^-R0X) and the four primers 
shewn below: 

30 AmplKlcation primer SI . 1 (SEQ ID NO:2. 750 nM) 

ACCQCATGQAATCQATQTCTCGGK37AGAA>UTCGCATGCA4GA7;4 
Amplification primer S2.1 (SEQ ID N0:3. 188 nM) . 

GGATTGGGGTGGAQACTTCTCGGGAGCrGCCrCAGAAMWCrCAG 
Bunrper primer B1 (SEQ ID N0:4, 75 nM) 
3S TAAACATGAAAAGTCQTTGGG 

Bumper primer B2 (SEQ ID N0:5. 75 nM) 
TTTTATQATQAQAACACTTAAAGTCA 

Each reaction was assembled to contain all reagents except Bst and Aval, and the samples were then heated for 

40 2 nriin. at SS'C. They were transferred to a SS.S'G water bath for 3-5 min. and the enzymes were added fa a total sam- 
ple volume of 100 ^L The samples were then transferred to 225 pL cuvettes and placed into a research grade SLM 
8100 spectrof luorometer (Spectronic Instruments, Rochester, NY). The temperature of the cuvettes was maintained at 
53-54^0 by a circulating water bath; and the fluorescence emission of each cuvette at 520 nm (X^ettaikm " ^ was 
recorded every 8 sec. Reactions were typically folfowed for 60-90 min. 

46 Fig. 2 shows the results. Fluorescence remained low (quenched) in the control reaction containing no target (no 
amplification) but inaeased significantly in reactions containing 1 00 and 1 ,000 targets, demonstrating specific detection 
of target amplification. There was no appredaUe increase in fluorescence in tiie reaction containing 10 targets, indicat- 
ing a sensitivity of detection between 10 and 100 targets. In addition, ttie rate of increase in fluorescence Intensity of 
the donor (a measure of ttie rate of decrease in donor quenching) was more rapid in samples containing higher num- 

so bers of initial target The rate of increase in dorx}r fluorescence tiierefore provides not only detection of amplfficalion in 
real-time, but also a semi-quantitative or relative measure of initial target levels. By comparing the rate of increase in 
fluorescence in a sample containing an unknown amount of target to the inaease in fluorescence in a series of reac- 
tions containing varyntg known amounts of target (producing a standard curve as is known in the art) a quantitative 
measure of target levels in ttie unknown sample may be obtained. Alternatively, detection of an increase in fluorescence 

55 intensity above a predetermined tiireshokJ value may be used as an indication that the target is present and amplified 
in a simple positiveAiegative assay format 
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EXAMPLE 2 

A signal primer according to the invention was used to detect a target oligonucleotide in the absence of target 
arnpllfication. An unlabeled target oligonucleotide having the following sequence was synthesized by conventional 
5 methods: 

TTQTTAGQTAAAGCTCTQATATTTQAAG (SEQ ID N0:6) 

This target Is complementary to the 3* target binding sequence of signal primer SEQ ID NO: 1. 

w Four sfass cuvettes (225 Stama Cells) were each filled with 1 00 of a solution comprising 50 nM signs primer. 
5 mM Mg(QAc)2. 0.2 mM each deaxynudeotide triphosphate. 1.4 mM a-thio dCTR 40 mM potassium phosphate (pH 
7.5). 3% DMSO (v/v), and 5% glycerol. SEQ ID N0:6 was added to each cuvette to a final concentration.of 0, 2.5. 25 
or 250 nM representing 0. 0.05, 0.5 and 5 molar equivalents of target per equivalent of signal primer. The samples were 
then heated briefly to 95<'C and cooled to SA^'C in an SLM 81 00 fluorometer. Bst polymerase (1 80 units) and BsoBI (240 

IS units) were added to each cuvette and the fluorescence intensify was recorded at 520 nm (X«xcitaiion » 488 nm) as 
described in Example 1. 

The results are shown in Fig. 3. Ruorescence did not change in the absence of target, but inaeased over the 
course of the hybridization, extension and cleavage reaction in all samples containing target The magnitude of the 
change In fluorescence intensity Inaeased in approximate proportion to the amount of target Further, the rate of 
20 change in fluorescence intensity was greater as the amount of target inaeased. Either of these parameters may be 
used as a means for quantitating target levels, typically by comparison to the results obtained for known amounts of tar- 
get used as standards. 
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SBQUBNCB LISTING 

(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: BBCTON, DICKINSON AND COMPANY 

(A) NAMB: BBCTON, DICKINSON AND COMPANY 

(B) STRBBT: 1 Bacton Drive 

(C) CITY: Franklin Lakes 

(D) STATE: NJ 
7(7 (B) OODNTRYt US 

(F) ZIP: 07417 

(ii) TITLE OF INVENTION: Detection of Nucleic Acids by 
Fluorescence Quenching 

75- (iii) NXmBBR OF SBQDBNCBS: 6 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTBM: PC*DOS/MS-DOS 

(D) SOFTNARE: Patent In Release «1.0, Version #1.30 



20 



(▼) CURRENT APPLICATION DATA: 

(A) APPLICATION 

(B) FILING DATE: 



^ (2) INFORMATION FOR SBQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 44 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 
30 (D) TOPOLOGY: linear 



(xi) SBQUBNCB DESCRIPTION: SBQ ID N0:1: 
TAGCCTCGAG TAGAOTCTTC AAATATCAGA GCTTTACCTA ACAA 44 
(2) INFORMATIC»r FOR SBQ ID NO: 2: 

(i) SBQUBNC B CH ARACTERISTICS: 

(A) LEN GTH: 45 base pairs 

(B) TYPE: nucle ic acid 

(C) STRANDEDNBSS: sijagle 

(D) TOPOLOGY: linear 

(xi) SBQUBNCB DBSCRIFTIQNt SEQ ID NOt2: 
ACOGCATOGA ATCGATGTCT CgGGCAGAAA ATOGCATGCA AGAIA 45 

(2) INFORMATION FOR SBQ ID NO: 3: 

(i) SBQUBNCB CHARACTERISTICS: 
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(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SBQ ID N0:3: 
CQATTCCQCT CCAOACTTCT OGGQAGCTGC CTCAGAATAT ACTCA0 
(2) INFORMATION FOR SBQ ID 110:4; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
TAAACATGAA AACTCGTTCC G 
^ (2) INFORMATION FOR SBQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 5: 
TTTTATGATG AQAACACTTA AACTCA 
(2) INFORMATION FOR SBQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TT6TTAGGTA AAGCTCTQAT ATTTGAAG 
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Claims 

1 . A method for detecting presence of a target sequence comprising: 

'* 

s a) hybridizing to the target sequence a signal primer comprisjng a target binding sequence and a restriction 

endonudease recognition sequence 5' to the target binding sequence^ the restriction endonudease recogni- 
tion sequence flanked by a donor fluoraphore and an acceptor dye such that fluorescence of the donor f luoro- 
phore is quenched; 

b) in a primer extension reaction, synthesizing a complementary strand using the signal primer as a template. 
10 therelDy rendering the restriction endonudease recognition sequence double-stranded; 

d) deaving or niddng the double-stranded restriction endonudease recognition sequence with a restriction 
endonudease. thereby redudng donor fluorophore quencNng and produdng a change In a fluorescence 
parameter, and: 

e) detecting the change in the ftuoreecence parameter as an incfication of the presence of the target sequence. 

75 

2. The method of Claim 1 wherein the complementary strand is synthesized In a target amplification' reaction. 

3. The method of Claim 1 wherein a change in fluorescence intensity is detected as an indication of the presence of 
the target sequence. 

20 

4. A method Ibr detecting amplification of a target sequence comprising, in an amplification reaction: 

a) hybridizing to the target sequence a first primer comprising a target binding sequence and a restriction 
endonudease recognition sequence 5' to the target binding sequence, the restriction endonudease recogni- 
25 tion sequence flanked by a donor fluorophore and an acceptor dye such that fluorescence of the donor fluoro- 

phore is quenched: 

b} extending the hybridized first primer on the target sequence with a polymerase to produce a first primer 
extension product and separating the first primer extension produd from the target Sequence; 

c) rendering the separated first primer extension product and the restriction endonudease recognition 
30 sequence double-stranded by hybridization and extension of a second primer: 

d) deaving or niddng the double-stranded restriction endonudease recognition sequence with a restriction 
endonudease. thereby redudng dona fluorophore quenching and produdng a change in a fluorescence 
parameter, and; 

e) detecting the change in the fluorescence parameter as an indication of amplification of the target sequence. 

35 

5. The method of Claim 4 wherein the target sequence is amplified by Strand Displacement Amplification. 

6. The method of Claim 4 wherein the change in the f kjorescence parameter is detected in real^me. 

40 7. The method of Claim 4 wherein a change in donor fluorophore or acceptor dye fluorescence intensity Is detected 
as an indication of amplificatkm of the target sequence. 

. 8. A single-stranded oligonudeotkle comprising: 

46 (a) a target binding sequence; 

(b) a restriction endonudease recognitfon site 5* to the target binding sequence, and; 

(c) a first dye and a second dye linked to the oligonudeotide at positions flanking the restriction endonudease 
recognition site such tftat fluorescence of the first or the second dye is quenched. 

so 9. The digonudeotide of Claim 8 wherein the first and second dyes are about 8-20 nudeotkles apart in the oligonu- 
deotkJe. 

1 0. The ofigonudeotkle of Oaim 8 wherein the first dye is fluorescein and the second dye is Rhodamine X or DABCYL 
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